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(54) Orthopedic rehabilitation apparatus using virtual reality units 

(57) The orthopedic apparatus comprises: 



an exoskeleton adapted to support a user's body 
comprising a plurality of jointed members jointed 
together at articulation positions corresponding to 
knee and hp joints of the user and actuators con- 
nected to said jointed members for moving said 
jointed members relative to each other in a move- 
ment corresponding to the human gait, whereby the 
movements of the human gait are impressed on the 



a programmed control unit connected to said actu- 
ators for controlling the operation of said actuators 
to move said jointed members in accordance with 
the human gait; 

a remote control unit for controlling said pro- 
grammed control unit with start, stop and speed 
commands for stopping, starting and controlling the 
speed of the human gait that is impressed on the 
user by the exoskeleton, said remote control unit 
comprising push buttons for the operation thereof: 
an electronic virtual reality unit connected to a vir- 
tual reality helmet for wear by the user of the 
exoskeleton for transmitting to the user virtual real- 
ity pictures and stimulation interactive with the 
human gait that is impressed on the user by the 
exoskeleton; 

and a framework for steadying and supporting the 
user when the exoskeleton impresses the human 
gait on the user, said framework having grips for the 
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Description 

The present invention relates to an orthopedic 
apparatus for walking and rehabilitating disabled per- 
sons. 

State of the Prior Art 

Orthopedic apparatus have been conceived for 
rehabilitating persons that are disabled in the motor 
abilities of their lower limbs (paraplegics, etc.) which are 
designed to allow walking for the purpose not only of 
improving the muscle, nerve and bone tonus, but also, 
and mainly, to stimulate and aid in the recovery of their 
motor ability. 

Known orthopedic apparatus that are designed to 
stimulate and exercise the movement of the lower limbs 
and to allow walking, that have been designed by the 
present inventor include those disclosed in Italian pat- 
ents 1,153.225. filed October 12. 1982 and 1,178,548, 
filed October 3, 1984, as well as Italian patent applica- 
tion 20,882 A/90 filed July 9. 1990. 

Of particular interest is the orthopedic apparatus 
described in Italian patent 1,178,548. This apparatus 
has the aim of allowing persons who have serious inju- 
ries to their motor abilities of their lower limbs to walk. 
The apparatus consists of a semi-rigid apparatus or 
exoskeleton that supports the bust and the lower limbs. 
It is jointed opposite the hip and knee articulations, and 
is equipped with small actuators (microcylinders) that 
are operated by compressed air, hydraulically or electri- 
cally, and are designed to move the lower jointed parts 
of the apparatus in accordance with the human gait and 
on command of a programmed electronic unit that is in 
turn operated by the patient by means of a remote con- 
trol. 

This permits the patient to transmit to the electronic 
commands for starting and stopping the lower joints 
parts of the apparatus or to adjust the step speed. 

Symrwry of the Invention 

The object according to the present invention is to 
further improve the apparatus of the prior art, and more 
particularly, to further strengthen the stimulation of the 
recovery of motor abilities and to facilitate the use of an 
exoskeleton by a patient. 

Said object is achieved by an orthopedic apparatus 
comprising: 

an exoskeleton adapted to support a user's body 
comprising a plurality of jointed members jointed 
together at articulation positions corresponding to 
knee and hip joints of the user and actuators con- 
nected to said jointed members for moving said 
jointed members relative to each other in a move- 
ment corresponding to the human gait, whereby the 
movements of the human gait are impressed on the 
user; 



- a programmed control unit connected to said actu- 
ators for controlling the operation of said actuators 
to move in accordance with the human gait; 

- a remote control unit for controlling said pro- 
5 grammed control unit with start, stop and speed 

commands for stopping, starting and controlling the 
speed of the human gait that is impressed on the 
user by the exoskeleton, said remote control unit 
comprising push buttons for the operation thereof; 

io - an electronic virtual reality unit connected to a vir- 
tual reality helmet for wear by the user of the 
exoskeleton for transmitting to the user virtual real- 
ity pictures and stimulation interactive with the 
human gait that is impressed on the user by the 

is exoskeleton; 

and a framework for steadying and supporting the 
user when the exoskeleton impresses the human 
gait on the user, said framework having grips for the 
user. 

20 

Other particular solutions are set forth below in the 
claims. 

General PesqrtPtlon of the prwinos 

25 

Further objects, features and advantages of the 
present invention will be apparent from the following 
detailed description taken in conjunction with the 
accompanying drawings, in which: 

30 

Rg.1 illustrates a person using a walking apparatus 
of a known type; 

Fig.2 illustrates a first example of a walking and 
rehabilitating apparatus according to the 
35 present invention; and 

Fig.3 illustrates a second embodiment in accord- 
ance with the present invention. 

Defiled Qescrlptlqn qf the Preferred EmhQ&mentS 

40 

Fig. 1 illustrates a disabled person who is leaning 
with his hands on two fixed bars. The person is 
equipped with a walking apparatus of the type which 
was described above and is disclosed in Italian patent 

45 No. 1,178,548. This apparatus comprises a metal cor- 
set 1 that is attached to the chest and the pelvis by two 
attachment devices 2 and 3. On two sides of the corset 
are fixed metal rods 4 that each have an integral exten- 
sion 1 5. At the tower end of the rod 4, at a hinge point A, 

so there is attached a rod 7. The rod 7 extends along the 
external side of the thigh. A corresponding rod T is 
arranged parallel on the internal side of the thigh, and 
together with the rod 7 forms a framework of the thigh. 
A cylinder 6 operated by compressed air or hydraulically 

55 is hingedly connected to an end of the extension 15 at 
an upper end thereof. The cylinder 6 has a rod 5 having 
a lower end that is connected through a joint to a lower 
end of the rod 7. 

The rod 7 has a lower end that terminates at a hinge 9 
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that connects the rod 7 with a lower rod 10. The lower 
rod 10 is part of the leg framework. On the lower part of 
the rod 10 there is fixed an integral extension 12. The 
extension 12 is shown enlarged in the drawing in order 
to provide greater clarity. 5 
A cylinder 16 is connected and hinged to an end of the 
extension 12. and has a rod 11 that is connected 
through a joint to a small bracket that is fixed to the 
lower end of the rod 7. There is a corresponding rod 10' 
similarly hinged together with the rod T for the inner 10 
side of the leg. 

A plurality of laced bands 17, 18 and 22 allow the rods 7 
and T and 10 and 10' to be tightened to the thighs and 
legs of the patient 

Extension and retraction of the rod 5 of the cylinder 6 n 
causes relative movement between the thigh and the 
pelvis. Extension and retraction of the rod 11 causes 
relative movement between the thigh and the lower leg. 
The cylinders 6 and 16. which are microcylinders, are 
operated by tubes C1 , C2, SC1 and SC2, which provide 20 
for the inlet and outlet of a working fluid such as com- 
pressed air or hydraulic fluid. The patient wears on his 
back a pack (not illustrated) in which are housed com- 
pressed air bottles, for example, for operating the cylin- 
ders. 25 
Solenoid valves are provided for operating the microcyl- 
inders. They are controlled by an electronically or 
hydrautically operated control unit that is fixed to the 
patient's belt, and appropriately programmed in order to 
move the lower jointed parts of the device in accordance 30 
with the human gait. The control unit is in turn controlled 
by means of a manually operated remote control which 
is located on the patient's corset or belt, and that per- 
mits the patient to transmit to the control unit commands 
for starting or stopping the movement of the lower parts 55 
or for adjusting the step speed. 
Fig. 2 illustrates a disabled person employing a rehabil- 
itation apparatus in accordance with a first embodiment 
of the present invention. This apparatus has a sling or 
exoskeleton A that is laced to the person or patient's 40 
body. The sling is similar to that illustrated in Fig. 1, but 
is improved over the sling of Fig. 1 as will be explained 
below. 

A conveyor belt B provides a support for the patient's 
feet, and has a rectangular frame C that surrounds the 45 
belt and supports rollers of the conveyor belt B. A tubu- 
lar framework D is fixed to the rectangular frame C, and 
is designed to act mainly as a support for the patient 
through two upper grips E. 

A helmet F is worn by the patient, and is provided with so 
earphones and viewers that are connected to an elec- 
tronic virtual reality unit G. 

The sling or exoskeleton that is shown in Fig. 2 is 
improved with respect to that of Fig. 1 by making the 
frame members that were previously metallic parts out 55 
of an ultralight material such as a carbon ffoer and tita- 
nium. This reduces the weight on the patient's body in 
movement and permits an independent wearing of the 
exoskeleton or sling by the patient, in contrast to the 



sling or exoskeleton of Fig. 1 . Such independent wear of 
the sling or exoskeleton is further facilitated by the use 
of bands H employing hooks and loop type fasteners 
such as Velcro. It is further improved by, for patients who 
are capable of holding their chest erect, a corset that is 
essentially limited to a belt I. 

The control unit (not shown), in addition to control- 
ling the operation of the solenoid valves, which are 
enclosed in a distribution box L provided on a belt I, con- 
trols movement of the conveyor belt. It is programmed to 
regulate the running speed of the conveyor belt in 
dependence upon the speed of the walking movement 
of the exoskeleton. 

Instead of being placed on the patient's belt, the remote 
control operating push buttons are. with this embodi- 
ment, located on the hand grips E of the tubular frame 
D. This allows the patient to timely operate the remote 
control during any phase of walking. 
The precise positioning of the operating push buttons is 
not illustrated in the figures. 

Furthermore, a source of pressurized fluid, such as 
compressed air bottles, are no longer located on the 
patient's back. This is because they can be located in a 
special delivery unit K having a delivery duct M. The 
duct M is appropriately connected to the framework, for 
example, and can have a passage extending through 
the framework, or at least an anchoring point on the 
framework D. 

As an alternative, the source of pressurized fluid, or 
delivery means, could be located on the framework D 
itself, comprising either a simple compressed gas (for 
example air) bottle, or a compressor, or a pump that 
provides hydraulic operation of the microcylinders. 
The special delivery unit K and its delivery duct M, what- 
ever its configuration, of course has a fluid passage or 
connection to the distribution box L for operation of the 
microcylinders. 

The cable that connects the electronic virtual reality unit 
G to the patient's helmet can also pass through the 
framework E, or at least have an appropriate anchor 
point on the framework D. The virtual reality unit G is 
programmed to transmit to the patient virtual reality pic- 
tures and stimulation that is interactive with the walking 
movement that is impressed by the exoskeleton on the 
patient's body. This involves the patient emotionally, 
which is important, because therapeutic efficacy is pro- 
portional to the emotional involvement of the patient. 
Examples of the types of virtual reality pictures and 
stimulation are pictures and stimulation that are related 
to the path which, according to the pictures projected in 
the helmet, the patient believes he is following, and can 
reflect situations of emergency and danger that occur 
along the path, or pictures and stimulation that are 
related to paths that are particularly dear or at least sig- 
nificant in the memory of the patient. Sounds and voices 
that can be either danger signals, or sounds, music and 
voices that are particularly dear to the patient, can also 
be provided. 

In order to explain the utility of the equipment in acoord- 
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ance with the present invention, and in particular the 
use of virtual reality with the present invention, the fol- 
lowing observations are pertinent. 
It i6 known that lesions or amputations of the spinal 
medulla due to injuries to the spinal column, inflamma- 
tion of the medulla or the vertebra, tumors or serious 
vascular disorders can cause paralysis of the lower 
limbs due to the fact that the lesions constitute a break 
in the transmission of nervous motor impulses from the 
brain. It is also known that the motor program of the 
limbs is not located only in the brain, but also in the spi- 
nal medulla, as proven by the fact that animals run on 
their own legs for a few moments even after amputation 
of the head. The above observations serve as a key for 
the interpretation of rehabilitation methods that are 
based on a program of exercise for the patient in walk- 
ing in a manner as natural as possible with the aid of 
special support and motor mechanisms for the legs. 
These methods allow not only the reactivation or 
rememorization of the motor program of the legs in the 
spinal medulla, but also progressively reactivate the 
passage of the nervous impulses from the brain in the 
injured zone of the medulla. The usefulness of virtual 
reality in this situation is based on the properties of 
adrenaline and noradrenaline and on the fact that the 
secretion of adrenaline is stimulated upon the occur- 
rence of emergency situations such as strenuous 
efforts, emotions, danger signals, arterial hypotension, 
asphyxia, hypothermia, etc. The growth of the concen- 
tration of adrenaline in the blood can be up to levels that 
are 300 times normal. 

The adrenaline and noradrenaline hprmones have the 
function of preparing the 6ystem both physically and 
emotionally to face emergency situations. 
Among their various effects is a stimulation of the nerv- 
ous system. 

In particular, adrenaline and noradrenaline act as neu- 
rotransmitters. That is. they are chemical intermediaries 
that allow the transmission of nervous impulses from 
one neuron to another. 

It is thus understandable how useful virtual reality could 
be during a patient's walking exercises as a means of 
stimulating the transmission of nervous impulses in the 
injured zone of the medulla through virtual reality pic- 
tures, sensations and emotions that are designed to 
stimulate the increase of the adrenaline levels in the 
blood. 

It could be advantageous to use the apparatus accord- 
ing to the present invention without the use of the virtual 
reality helmet, either before starting therapy with the 
helmet, in order to allow the patient to gain familiarity 
and practice in the use of the conveyor belt, or after the 
therapy cycle with the helmet, when the voluntary mobil- 
ity of the lower limbs has begun to appear. 
Fig. 3 is an illustration of a disabled person using a 
rehabilitation apparatus according to a second embodi- 
ment of the present invention. 

The main difference between the example of Fig. 3 and 
that of Fig. 2 is the lack of the conveyor belt, and the 



conversion of the tubular frame into a four legged hand 
walker N with the front legs thereof being fitted with 
wheels. With this type of arrangement, the patient can 
move around in the room. 

5 In order to facilitate the walking of the patient, rt may be 
appropriate to install in the room where the walking 
exercises take place a rail J that is equipped with slides 
P running along a groove Q in the rail. 
The slides P are firmly fixed through rings, for example, 

w to the two legs of the hand walker that are on one side 
thereof, so that the walking of the patient is guided. The 
constraint of the use of the walker along the rail can be 
removed as soon as the rehabilitation has progressed to 
the point where use of the virtual reality helmet is no 

15 longer required. 

The electronic virtual reality unit G and the pressurized 
fluid delivery unit K can still be located in fixed positions, 
as shown in Fig. 2, or they could be installed in the 
frame N, as shown in broken lines in Rg. 3. It will be 

20 clear to those of skill in the art that numerous modifica- 
tions, adaptations, variations and substitutions of vari- 
ous elements through other elements can be made to 
the above-described embodiments and should be con- 
sidered within the scope of the present invention. For 

25 example, the two slides P that are illustrated in Fig. 3 
could be replaced by a single slide that is fixed to one 
side of the frame N. 

Claims 

30 

1 . An orthopedic apparatus for walking and rehabilitat- 
ing disabled persons, comprising: 

an exoskeleton adapted to support a user's 

35 body comprising a plurality of jointed members 

jointed together at articulation positions corre- 
sponding to knee and hip joints of the user and 
actuators connected to said jointed members 
for moving said jointed members relative to 

40 each other in a movement corresponding to the 

human gait, whereby the movements of the 
human gait are impressed on the user; 
a programmed control unit connected to said 
actuators for controlling the operation of said 

45 actuators to move said jointed members in 

accordance with the human gait; 
a remote control unit for controlling said pro- 
grammed control unit with start, stop and 
speed commands for stopping, starting and 

50 controlling the speed of the human gait that is 

impressed on the user by the exoskeleton, said 
remote control unit comprising push buttons for 
the operation thereof; 

an electronic virtual reality unit connected to a 
55 virtual reality helmet for wear by the user of the 

exoskeleton for transmitting to the user virtual 
reality pictures and stimulation interactive with 
the human gait that is impressed on the user by 
the exoskeleton; 
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and a framework for steadying and supporting 
the user when the exoskeleton impresses the 
human gait on the user, said framework having 
grips for the user. 



2. The orthopedic apparatus of claim 1, further com- 
prising a conveyor belt for supporting the user dur- 
ing the impr ession of the human gait on the user by 
the exoskeleton, said conveyor belt having a sup- 
port frame and said framework being fixed to said io 
support frame. 

3. The orthopedic apparatus of claim 2, wherein said 
programmed control unit is connected with said 
conveyor belt for control of said conveyor belt is 
thereby such that the speed of said conveyor belt 
corresponds to the speed of the human gait 
impressed by said exoskeleton on the user. 

4. The orthopedic apparatus of claim 1, further corn- 20 
prising a guide rail fixed to a floor and at least one 
slide that is slidable along said guide rail, wherein 
said framework comprises four legs, two of said 
four legs are front legs that have wheels thereon, 
and two of said four legs are side legs that are fixed 2s 
to said at least one slide. 

5. The orthopedic apparatus of claim 1, further com- 
prising a guide rail fixed to a wall and at least one 
slide that is slidable along said guide rail, wtierein so 
said framework comprises four legs, two of said 
four legs are front legs that have wheels thereon, 
and two of said four legs are side legs that are fixed 

to said at least one slide. 



6. The orthopedic apparatus according to one of claim 
2, 4, 5 wherein said actuators comprise fluid cylin- 
ders connected to a source of pressurized fluid, and 
wherein said push buttons are mounted on said 



7. The orthopedic apparatus according to one of 
claims 4 and 5, wherein said source of pressurized 
fluid and said virtual reality unit are mounted on 



5 
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grips. 



40 



said framework. 
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